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Abstract--The ffect of pipcridine (P), few piperidones [2,6-diphcnylpiperidin-4-onc (2,6-DPP); 3- 
methyl-2,6-diphenylpiperidin-4-one (3-Me-2,6-DPP); 2,2-dimethyl-6-phenylpiperidin-4-one (2,2- 
DMe-6-PP); N-chloro-2-6-diphenylpiperidin-4-one (N-CI-2,6-DPP)] and the cis and trans forms of 2,6- 
diphenyltetrahydrothiopyran-4-one(cis-2,6-DP-4-THTP and trans-2,6-DP-4-THTP) on the corrosion of 
copper in sulphuric acid has been investigated bymeans of spectrophotomctric measurements of the metal 
ions in solution and potcntiostatic polarization method. The inhibition efficiency of these compounds has 
becn found to decrease as follows: cis-2,6-DP-4-THTP (78%) > trans-2,6-DP-4-THTP - 3-Me-2,6-DPP 
-- 2,6 DPP (68%) > P (60%) > 2,2-DMe-6-PP (55%) > N-CI-2,6-DPP (42%). The inhibitors rctard the 
corrosion process by blocking anodic reaction sites. The negative frec energy of adsorption, the positive 
heat of adsorption and the decrease inapparent free energy of activation i  the presence of inhibitors arc 
suggestive ofchemisorption f inhibitors on the surface. The inhibition efficiency of these compounds has 
been explained on the basis of structure dependent electron donor properties, mode of adsorption and 
stability of conformers in the cis and trans forms of 2,6-DP-4-THTP. 
INTRODUCTION 
THE STUDY of the corrosion of copper and its alloys is a subject of pronounced 
practical significance because they find widespread applications in mechanical nd 
chemical environments. A variety of organic and inorganic ompounds have been 
screened as corrosion inhibitors for copper in various media. 1Yet the quest for ideal 
inhibitors continues. Compounds with functional groups containing hetero-atoms 
which can donate lone pair electrons are found to be particularly useful as inhibitors 
for corrosion of metals. Generally the tendency to form a stronger coordination bond 
and, hence, to cause higher inhibition efficiency increases in the order 
O<N<S<P.  2 
There is a reference to the probable inhibiting influence of piperidine 3 and a 
definite inhibitive influence of cyclohexanone 4 for the corrosion of copper in 
sulphuric acid. The inhibiting influence is attributed to the adsorption of these 
compounds through the NH group in the former and the CO group in the latter. 
Piperidones contain both these groups and tetrahydrothiopyrones which are struc- 
turally similar to piperidones have the hetero-atom S in place of N. Further, in the 
case of piperidones only the cis-form is stable whereas in tetrahydrothiopyrone both 
cis and trans forms are stable. In view of these characteristics of the compounds, in
the present study the inhibitory effect of a few piperidones, namely (2,6-DPP), (3- 
Me-2,6-DPP), (2,2-DMe-6-PP), (N-CI-2,6-DPP) and the cis- and trans-2,6-DP-4- 
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FIG. l. Structures of inhibitors. 
THTP (structures shown in Fig. 1) on the corrosion of copper in sulphuric acid 
solutions have been investigated in detail. 
EXPERIMENTAL  METHOD 
The piperidones used as inhibitors were prepared according to the method suggested by Nollur and 
Baliah 5-7 and the cis- and t rans-2 ,6-DP-4-THTP according to the method suggested by Arndt et al. s The 
compounds after preparation were purified and characterized by n.m.r, before use. The copper samples 
were prepared from rectangular pieces of commercial grade sheets. The surfaces to be exposed were, 
successively, mechanically .polished with emery paper up to 4/0 grade using alcohol as a lubricant, 
degreased, activated in 1:I HNO 3 and washed thoroughly with distilled water. An area of one square 
centimeter was exposed to the corrosive medium, whereas the remaining surface was covered with 
insulating lacquer. The specimens were exposed to the aerated corroding medium for a definite period. 
The corrosion rates were calculated from spectrophotometric measurement of the copper ions in the 
solution using sodium diethyl dithiocarbamate. 
The polarization studies were carried out in aerated sulphuric acid solutions potentiostatically using a 
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Tacussel PRT 10-05L potentiostat nd employing a three-electrode c ll assembly. A saturated calomel 
electrode and platinum electrode were used as reference and auxiliary electrodes respectively. 
EXPERIMENTAL RESULTS 
Polarization measurements 
Anodic and cathodic potentiostatic polarization curves of copper in 0.1 M H2SO 4 
are shown in Figs 2 and 3. The cathodic Tafel lines were not affected by the presence 
of inhibitors (Fig. 2) whereas the anodic Tafel lines shifted to higher potentials 
without any appreciable change in slope (Fig. 3). Steady free corrosion potential 
values of copper in 0.1 M H2SO 4 with and without he inhibitors tudied are given in 
Table 1. 
Weight loss measurements 
The copper samples were exposed for 5 h in 0.1 M H2SO 4 with and without the 
inhibitors tudied at various concentrations (10-7-10 2 M). As can be seen from Fig. 
4, the amount of copper ions in solution, indicated by the weight loss, increases 
linearly with immersion time both in the presence and the absence of inhibitors. The 
inhibition efficiency, P, at each inhibitor concentration was calculated using the 
equation 
P = (Wo-  w)/wo x 100 
where w0 and w are the corrosion rates of copper in the absence and the presence of 
the inhibitor respectively. Values of P for various concentrations of inhibitors are 
given in Table 2. It is evident hat the inhibition efficiency ranking is cis-2,6-DP-4- 
THTP > trans-2,6-DP-4-THTP ~ 3-Me-2,6-DPP - 2,6-DPP > P > 2,2-DMe-6-PP 
> N-CI-2,6-DPP. 
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Cathodic Tafel curves for copper in 0.1 M H2SO 4 containing various inhibitor 
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Anodic polarization of copper in 0.1 M H2SO 4 and 0.1 M H2SO 4 containing 
piperidones and tetrahydrothiopyrones at 303 K. 
The  d isso lut ion rate of  copper  was also determined  in d i f ferent  concent ra t ions  
(0 .1 -1 .0M)  of  su lphur ic  acid at constant  concent ra t ion  of  each  inhib i tor .  The  
cor ros ion  rate decreased  with increas ing concent ra t ion  o f  un inh ib i ted  acid but  
inc reased  with increas ing concent ra t ion  of  the inh ib i ted acid. In every  case, the P 
va lues,  however ,  decreased  with increase in concent ra t ion  of  the acid (Tab le  3). 
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F IG.  4 .  Variationofweight-lossofcopperwithimmersiontimeat303K.(l)0.1MH2SO4; 
(2) 0.1 M H2SO 4 + 1 × 10 -2 M N-C1-2,6-DPP; (3) 0.1 M H2SO 4 + 1 × 10 -2 M 
2,2-DMe-6-PP; (4) 0.I M HzSO 4 + 1 × 10 -2 M Piperidine; (5) 0.1 M H2SO 4 + 1 × 10 -2 M 
2,6-DPP; (6) 0.1 M H2SO 4 + 1 × 10 -2 M 3-Me-2,6-DPP; (7) 0.1 M H2SO 4 + 5 × 10 -2 M 
trans-2,6-DP-4-THTP; (8)0.1 M H2SO 4 + 5 × 10 -2 M cis-2,6-DP-4-THTP. 
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TABLE 5. 
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THERMODYNAMIC PARAMETERS (AG~ads , AH~alds AND Ag, dd~) AND APPARENT FREE ENER~;IES OV 
ACTIVATION, E a FOR THE INHIBITION OF COPPER IN 0.1 M H2SO 4 
e a Aa0ds AH~d s aS~Ids 
Inhibitor kJmol t kJmol -I kJmol i kJ l mo| i n* 
Plain acid 33.3 - -  - -  - -  
P 1.33 - 20.89 46.99 224.7 8 
2,6-DPP 1.05 -21.98 60.28 271.5 8 
3-Mc-2,6-DPP 1.15 -22.25 57.59 263.5 8 
2.2-DMc-6-PP 0.77 -20.53 70.91 301,8 8 
N-CI-2,6-DPP 1.34 - 18.20 68.18 285.1 8 
cis-2,6-DP-4-THTP 4.7 - 28.6 48.0 253.0 8 
trans-2,6- DP-4-THTP 3.1 - 18.3 57.2 25(i. 0 6 
*Paramctcr in Bockris-Swinkel Adsorption Isotherm. 
The effect of temperature  in the range 283-323 K on the corrosion rate of copper  
in 0.1 M plain and inhibited acid was also studied. The corrosion rate increased with 
increasing temperature  both in uninhib i ted and inhibited acids and the values of P 
also increased with increasing temperature  (Table 4). The apparent  free energy of 
activation E~, for the corrosion process in uninhibited and inhibited acids for copper  
was evaluated from the slopes of log corrosion rate vs T -1 plots (Arrhenius  plots) 
obta ined under  the same operat ing condit ions indicated in Table 4. The values are 
given in Table 5. It is observed that the t:'~ value decreases in the presence of 
inhibitors. 
D ISCUSSION 
The corrosion of copper  in aerated acidic solution is a result of the fol lowing 
part ial  react ions ~
Anodic:  Cu .~ Cu + + e 
Cu + ~ Cu 2+ + e 
Cathodic:  ½0, + 2H + + 2e --* H~O. 
The l inear variat ion of weight loss with t ime in uninhibited and inhibited 
0.1 M H2SO 4 (Fig. 4) indicates the absence of insoluble surface films during corro- 
sion. In the absence of any surface films, the inhibitors are first adsorbed on to the 
metal  surface and thereafter  impede corrosion either by merely blocking the reaction 
(anodic and cathodic) sites or by altering the mechanism of the above indicated 
anodic and cathodic part ial  processes. Since the inhibitors caused no change in the 
anodic Tafel s lope and cathodic polar izat ion curves, they probably  act by the former 
mechanism. 2 The shift of steady free corrosion potent ial  to more noble values in the 
presence of inhibitors (Table 1) is distinctive of a predominant  blocking of anodic 
react ion sites, m Since the metal  dissolution is init iated at the anodic react ion sites 
(defects) on the surface, 11 their b lockage impedes corrosion.  In such a case an 
increase in anodic overpotent ia l  would be expected in the presence of inhibitors, and 
the observed shifts of the polar izat ion curves (Fig. 3) cor roborate  this. 
The extent of inhibit ion depends upon the nature and mode of adsorpt ion of 
inhibitors on the surface. Assuming thc adsorpt ion as a quasi-subst itut ion process 
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between the water molecules on the surface and the inhibitor molecules, the free 
energy of adsorption (AG0ds) was calculated using the B ockris-Swinkel Isotherm: 12 
0 {0 + n(1 - 0)} n-1 C°rg exp( AGaOds/ 
(1 - 0)" n -~ = 55.4 \ - - -R -~]  (1) 
where Corg is the concentration of the inhibitor in the bulk of the solution, 0 is the 
surface coverage calculated using the equation 0 -- (w0 - w)/wo, Wo and w having 
their usual meaning. The most probable value of n (the number of water molecules 
displaced by the inhibitor) is evaluated from a plot of left hand side of equation (1) 
against Corg. The value of n was found to be 8 for all the compounds studied except 
trans-2,6-DP-4-THTP for which the value was 6. The observed relative inhibition 
efficiencies of the compounds studied can be explained by proposing the following 
model for the mode of adsorption of inhibitors. According to this, the inhibitors are 
adsorbed vertically with NH or S as the anchoring group in piperidones and 
tetrahydrothiopyrones respectively and CO group projecting into the solution (Figs 5 
and 6a,b). The observance of same value of n in almost all inhibitors tudied and the 
attainment of optimum inhibition efficiency at almost he same concentration for all 
the compounds suggest hat all inhibitors adopt the same mode of adsorption. 
Piperidones 
The interaction of piperidones with the metal surface could occur either through 
the CO or the NH group but not through both of them as they are in the para position 
with respect o one another. The electronegativity of the atoms in the two groups 
favours NH to be the anchoring site. This is further corroborated by the reduction in 
P value when H is replaced by C1 in the NH group as in the case of N-C1-2,6-DPP. 
The magnitude of P achieved with N-C1-2,6-DPP (42%) is almost he same as that 
achieved with cyclohexanone (40%, Table 1) which allows the speculation that this 
might be anchored through aCO group as in cyclohexanone. However, the value of n in 
the Bockris-Swinkel Isotherm for this compound is found to be 8, which is the same as 
that for all the other piperidones studied whereas for cyclohexanone it has a value of 4. 
The concentration at which the optimum inhibition efficiency isachieved with N-CI-2,6- 
DPP is the same (1 x 10 -2 M) as that for all the other piperidones whereas in case of 
cyclohexanone the optimum efficiency is achieved at a much higher concen- 
tration (1 x 10 -1 M). These results suggest hat N-C1-2-,6-DPP is also anchored on 
O 
° .  
FIG. 5. Probable mode of adsorption of piperidones on copper surface. 
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Possible modes of adsorption of cis-2,6-DP-4-THTP on the substrate. 
to the surface through its NCI group. The presence of the highly electronegative C! 
reduces the electron density at N, whereby its binding to the surface may be 
weakened. This might be the reason for the low inhibition efficiency of this 
compound compared to that of the other compounds studied. 
The larger P value achieved with 3-Me-2,6-DPP and 2,6-DPP as compared to that 
achieved with piperidine may be attributed to the two equatorial phenyl groups 
present in the more stable cis-isomers of these compounds which probably increase 
the area of coverage of the metal surface as compared to piperidine. The presence of 
3 Me in the former of the two seem not to contribute significantly to its P value. 
As for 2,2-DMe-6-PP, the presence of a methyl group in the axial position 
introduces train in the structure due to interaction with the axial H at 6th position. 
This prevents the easy accessibility of the surface to NH group as in the case of 3-Me- 
2,6-DPP and 2,6-DPP thereby leading to a decrease in its P value. 
Tetrahydrothiopyrones 
In tetrahydrothiopyrones, sulphur is the favoured anchoring site on electro- 
negativity grounds. Additional evidence for this fact is provided by the values of n 
obtained for cyclohexanone and piperidones. For cyclohexanone, which is adsorbed 
through the CO group, n was found 4, whereas, it was 8 for piperidones which are 
adsorbed through their NH group. Further, the S atom contains two lone-pair 
electrons and its adsorption could occur either through the equatorial or axial lone 
pairs. The sulphur adsorption through the axial lone pair electrons appears to be 
sterically more appropriate (Fig. 6a). In this case the phenyl groups of cis-2,6-DP-4- 
THTP which are equatorial in the stable conformation would be projected into the 
solution, but if so, the highest inhibition efficiency obtained with the cis form cannot 
be explained. If adsorption were to take place through the equatorial lone pair, one 
of the phenyl groups at C6 would be projected into the solution while the other at C2 
would be blocking the surface (Fig. 6b). Although the bulky phenyl group at C2 may 
sterically hinder the approach of the equatorial lone pair of electrons on S to the 
substrate, the large negative free energy of adsorption suggests that this might be 
possible with a slight distortion of the structure. This model for the mode of 
adsorption again gains strength from the results obtained with piperidones. It is well 
known that in piperidones, the lone-pair electrons on N is equatorial and the H 
attached to N is axial. 13 Therefore, when the adsorption of piperidones (2,6-DPP-4- 
one and others) occurs through the equatorial lone pair, a value of 8 fits n. Since this 
value is also found for 2,6-DP-4-THTP, it is reasonable to assume that its adsorption 
occurs through the equatorial lone-pair electrons on S. In this mode of adsorption, 
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Fro. 7. The two conformations of trans-2,6-DP-4-THTP. 
the high inhibition efficiency achieved with the c/s form is interpreted in terms of 
screening of the metal surface by the bulky phenyl groups. 
In the case of the trans form, there are two stable conformations. Each of these 
corresponds to the presence of one phenyl group in the axial and the other in the 
equatorial position and vice versa (Fig. 7). Since the two are equally stable, there is a 
continuous interconversion from one form into another. This continuous exchange 
of the inhibitor from one form to another probably hinders its adsorption unlike the 
case ofc i s  form where there is only one stable conformer. The value ofn (6) obtained 
with the trans form also supports this. The inhibition efficiency achieved with the 
trans form is comparatively lower. 
As to the greater inhibition efficiency of tetrahydrothiopyrones compared to 
piperidones, this could be attributed to the hetero-atom being S in the former and N 
in the latter. 
(AGad~) were calculated from the Bockris- The free energy of adsorption values 0 
Swinkel Isotherm using the data of Table 2. They were found to be independent of 0 
indicating that there is no lateral interaction between the adsorbed inhibitor 
(ASads) were evaluated from the relation molecules. The entropies of adsorption 0 
between 0 AG~ds and T. ~4 From the values of AG°d~ and AS°ds, the heats of adsorption 
AH ° ads were evaluated. The values are given in Table 5. These are in accordance with 
the occurrence of a replacement process during adsorption.iS The large negative 
values of the free energies of adsorption and the positive values of heats of 
adsorption observed are also characteristic of strong interaction. In addition, the 
decrease in apparent free energy of activation in the presence of inhibitors and the 
increase in P with temperature are suggestive of chemisorption of inhibitors on the 
surface. 16 
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